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FINAL DESIGN OF AN HERMETIC COMPRESSOR FOR 
DOMESTIC APPLIANCES FITTED FOR USE OF HCF-134a 
WITHOUT ANY PERFORMANCES PENAL TV 
ALBRIZIO FRANCESCO GIOACCHINO MOZZON 
(Compressor Development Manager) ( Research Engineer) 
WHIRLPOOL IT ALIA s.r.l. • Cassinetta -VA· ( ITALY) 
COMPRESSOR PLANT 
1 ABSTRACT 
The Montreal Protocol and the following revisions have made the R12 replacement necessary for what the domestic appliances conceme. 
Among the non -ozone -depleting substitutes , the refrigerant R 134a has been cho· s9n both for its low toJCicity level and for its physical properties. • 
Howev9r, this change has required some modifications in the domestic appliances , especially for thB compressor. 
In the following pages , the approach followed by the Compressor D9velopm9nt Dept. of Whirlpool Italy is shown • 
· 
A complete description of the nBw compressor SeriBs with results at bench and on appliances is given, with particulat attention for the noise . 
2 INTRODUCTION 
The use of R 134a has introduced a general reduction of compressor performan· ces. 
The efficiency, the noise and the start ability of the compressor are the main parameters affected by this refrigerant. 
Therefore, a few modifications have been necessary to restore the same quality level. 
The principle followed has been to replace the R12 range of compressors with 
equivalent products in term of performances. 
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This approach has had the aim to not introduce disturbs for customer and to allow 
in many cases the use of the same appliances. 
Another important requirement for the new compressor Series has been to make 
modifications that could be easily managed during the period of contemporary 
production of R 12 and R 134a Series. 
In the following pages the compressor changes are explained and comparisons 
with R12 references are made. 
3 GAS PROPERTIES 
The change from R12 to R134a has brought a worsening of the compressor 
performances due to the different properties of the new refrigerant. 
Without listing all the parameters interested , there are a few of them that heavily 
affect the compressor behaviour. 
They are the specific mass, the enthalpy and the pressure. 
In fig.1 a comparison between R12 and R134a specific mass is reported. 
It is clearly shown how lower the R134a specific mass is when the same 
evaporating temperatures and the intake gas at 90"C are considered. 
The effe¢ of the specific mass is quantified with the flow rate and its influence 
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Another important difference Is the enthalpy that in this case plays in favour of · 
R134a. 
In fig.2 the enthalpy difference between the superheated point ( 32 )"C and the 
subcooled point ( 32"C ) is shown as a function of the evaporating temperature. 
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The compression ratio parameter influences the mass flow rate via the volumetric efficiency. . 
The volumetric efficiency of a compressor is calculated by 
Tlv=1-a((B)1/T1 ·1)= 1-(a(Pd/Pslv!Cp_t) (1) 
where a = ratio between dead volume and swept volume 
n = politropic exponent = Cp/Cv 
Cp = specific heat at constant pressure 
Cv = specific heat at constant volume 
The comparison of the volumetric efficiency calculated for a compressor with the same displacement, is reported in fig.4. 
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4 BENCH PERFOMANCES 
The nature of the new refrigerant has shown the main differences in the specifi
c 
mass, enthalpy and pressure. 
The combination of these parameters is involved when the flow rate and t
he 
cooling capacity are calculated. 
In the following paragraphs the experimental data measured at the calorimeter
, 
the noise levels at bench and the eledricai performances of the new Serie 
are 
reported. 
4.1 THERMODYNAMICAL PEltFORMANCES 
The general expression of the cooling capacity a is 
0=M6H (2) 
where M = mass flow rate ( KJ/Kg ] 
6H = difference of enthalpy between the superheated point ( 32"C ) and 
the subcooled point ( 32"0 ) [ KJ/Kg 1 · 
The mass flow rate M is given by 
M = mV 1'\g (60f) 
where m ., specific mass [ Kg/m"31 
V "' displacement [ m"3 1 
(3) 
Tlg =global efficiency of compressor cycle= Ttv 111 11c 
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TJv = volumetric efficiency 
TJI •leakage efficiency " 0.95 ( leakage via piston-cylinder ) 
Tic .. cycle efficiency= 0.85 (valve losses, overcompression and suction losses) 
f =driving frequency (48.7 Hz) 
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From above, it is clear that the keeping of the same cooling capacity must be achieved by adopting solutions having the aim to restore the mass flow rate. This means to increase the displacement or to increase the specific mass of the sucked gas. 
The former solution can often introduces electric motor revisions but could be the main solution when the compressor design does not allow other changes. The latter solution corresponds to the semi direct suction and has the advantage to increase also the E.E.R. 
In our case, the semi direct suction and a new suction valve with lower dead volume have been adopted.Then, the same motors and dispacements have been kept. 
Now , if the cooling capacity a is calculated by using the equation (2), a comparison with experimental data can be done ( Tab. 1). ~ In the following examples, the data are corresponding to the smallest compressor model ( 60 Watt of cooling capacity )of the whole range ( 60- 120 Watt). 
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TAB. 1 EVAPORATING rEMPERATURES [ ·c j 
CAPACirY 0 f Watt I ""'' -15. -20 -25 -30 -35 ~ g 
CALCUL.ArEO 112 83 61 43 32 Q, 
II 
8: 
EXPERIMENrAL 116 86 63 44 31 ~· 
The good corresp·ondence between the theorical and experimental data confirms 
the goodness of the starting hypothesis concerning the gas nature. · 
It should be considered that, due to the higher .:lH, the mass flow rate necessary 
to restore the cooling capacity is lower. 
As a consequence, also the load on the motor will be lower and the energy 
absorption reduced. 
Since the complete replacement of cooling capacity, the lower absorption will give 
an higher E.E.R. 
ln·tab.2 a comparison between the performances of R12 models and its R134a 
equivalents is given ( -25/+55/+32 subcooled ). 
TAB. 2 EVAPORATING TEMPERATURES/ •c J 
PERFORMANCES -15 -20 -25 ·-so -35 
""' 
CAPACITY 0 /WI 105 a·1 63 46 34 
~ 
Q 
R 12 ::J. ~ 
C.O.P. !WIWJ 1.22 1 . .04 0.91 0.73 0.62 II 
91. 
·(li 
CAPACITY 0 /WJ 116 86 63 44 31 ~ R 134 s 
C.O.P. /WIW/ 1.32 1.15 0.97 0.80 0.64 
4.2 NOISE 
The use of R 134a has influenced also the compressor noise level. . 
The increase of the compression ratio, introducing an extra load on the piston 
axis, and the general trend to choose lubricant with lower viscosity, have determined 
an increase of noise level. 
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In addition, for the compressors models having followed the solution of bigger 
.displacement, another potential cause of higher noise emission has been introdu· cad. 
Another important noise source is the gas resonance of the cavity within the shell. Taking everything Into account, it has just been this last noise source that has created more problems, especially on appliances. Since the treatment of this topic has already been faced by the author during the Purdue Conference 1990 (2J, only a brief explanation of the gas cavity phenomenon will follow. 
In general, a gas volume has its own natural frequencies. When these frequencies are excited, pressure changes occur and pressure waves start propagating. . 
In a close volume, like a compressor shell, these pressure waves can be radiated outwards and consequently can produce noise. 
The frequency range affected by this phenomenon is between 400 and 630 Hz. The resonance itself has not enough energy to give high noise levels but, when the superimposition with a multiple of the driving frequency takes place, the compressor starts generating loud noise. 
One of the main excitations of the gas resonances are the pulsations coming from the suction line. 
Its reduction could be achieved with small muffler passages. In practice, these passages are always sized in such a way that the compressor efficiency is not penalized and therefore they are a compromise between the ideal configuration for the noise and for the energy losses. 
· Thus, a background level of excitation will be aiways present. The frequency values of the resonance are given by 
f=<ncf'}. 
where n"' 0,1,2,3 ... 
c "' sound speed in the gas [ m/s J 
l "'wave length ( m I 
Since the natural frequencies of a cavity are function of volume. shape, pressure and temperature, an investigation at different running condition have been neces· sary. 
Taking the compressor model chosen for our consideration, the parameters concerning the volume and shape are fixed whereas the gas pressure and tempe· rature remain variable.Between these two variables the temperature has shown greatest influence on the frequency values. . 
The increase of the temperature determines higher resonance values. 
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Moreover the resonance phenomenon interests more directions. 
Experimental tests have measured the main resonance peaks in two directions, 
i.e. piston axis and perpendicular to it. 
With R 12 and the same compressor model the gas resonance has the behaviour 
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Changing the nature of the gas, different resonance frequencies have been 
·measured. 
Monitoring the frequency values as a function of the gas temperature, a precise· · 
identification of the critical conditions has been done.The critical conditons occur 
when one or more natural frequencies of the cavity coincide with multiple of_ the 
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It can be easily noticed how the noise level increases when the superimposition 
takes place. (fig. 7bis) 
· 
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From above, it is clear that this phenomenon is unavoidable but its level must be 
kept under control. 
As already explained, one is to limit the amplitude of the gps pulsation and the 
other is to design the compressor shell in order to shift the resonance frequencies 
in a ran~e where the superimposition does not take place during the running period. 
4.3 ELECTRICAL PERFORMANCES 
The electric motors adopted for the new compressor Series have been maintained identical. 
Due to the solutions implemented on the new Series, i.e. semi direct suction instead of bigger displacement, no penalty on the electric motor was expected. In fig.S and 9, the start-up voltages at 32"C and 90"c are compared with the 
corresponding R12 data. 
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It can be noticed how the lower specific mass affects the data, reducing the 
start-up voltages. 
Then, considering the Ashrae nominal point ( ·25/55/32"0 ), a new working 
conditions of the electric motor must be considered. 
In fig. 1 0 the torque and the efficiency of the motor are reported. 
The new rotational speed, due to R134a, shows a lower torque and pratically the 
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5 APPLIANCES PERFORMANCES 
The developed Series of R134a compressors has been better evaluat~d with tests on appliances. 
These tests have concerned the energy efficiency, the noise and the electrical performances. 
One must be considers that at this stage the appliances have been kept the same, without any change in the circuit but only a new refrigerant charge. Apart from the noise, the tests have been carried on according to the IEC standards. 
5.1 ENERGY CONSUMPTION 
The better performances have brought lower energy consumption on appliances. In fig.11, results regarding a few medium size appliances are shown. 
Remarks : R134a charge -10gr. - Current ap~liances - D1rect companson 
Fig. 11 
5.2 NOISE 
The noise measured at bench has been filtered by the appliances with the resuits that a few peaks have been amplified and other dampened. The frames of the current appliances, the condenser and the connecting pipes are characterized by low natural frequencies,in the range of 1 00 - 350 Hz. 
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Even if the gas cavity range of the compressor is shifted towards higher 
frequen· 
cies, it can be remarked that the cabinet remain quite weak in the ran
ge of 400 • 
630Hz. 
Then, if the gas cavity phenomenon takes,place, the compressor vibrat
ions are 
wholly trasmitted and radiated in the surroundings. 
For the nature of the gas cavity phenomenon, the temperature and cons
equently 
the running time have shown a great importance .In fig.12, the behaviour o
tthe noise 
level versus the gas temperature is reported. Considering the fig.7, t
he relation 
between the compressor and the appliance noise can be noticed . 
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In the case of high noise levels dampers on connecting pipes can gi
ve good 
improvements. 
Better should be to suggest,during the compressor choice, to take into
 account 
both the thermodinamical performances and the noise behaviour ,espe
cially for the 
gas cavity. 
5.3 ELECTRICAL TFSTS 
The ele~rical tests tor the release on the appliance have followed the IEC 335/1 
standards. These tests regard the starting voltage at 32"C and after the s
teady-state 
conditions in continuous running ( simply called starting voltage at 90"C ),·the 
pull-down and the winding temperature. 
In tab.3 a comparison between R12 and R134a data is shown. 
The starting voltages and the pull-down remain the same, while, due to t
he lower 
energy absorption. the winding temp~rature decreases. 
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R 12 R 134a TAB. 3 Current Series New Series 
Starting Voltage I vI 164 ( 2.9 ) 163 (2.9) 
• eo·c APPLIANCE: 
Starting Voltage [ v J 164 ( 2.1 ) 163 (2.9) 160 *** • 32"C 
Winding Temp. 1 ·c J 103 96 
Gas Charge (gr. I 80 70 
DIRECT COMPARISON . - PRESSURE VALUES WITHIN BRACKETS 
6 CONCLUSION 
The adopting of the R134a refrigerant has introduced a few important changes in. the compressor design. 
The future need o( appliances with lower energy consumptions, has forced the 
choice of the semi direct suction and lubricants with lower viscosity. 
Besides, ihe followed approach has been based considering a temporary period during which the R12 and R134a compressors will be both produced. 
Then, solutions easely managed must be implemented. 
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